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TJII 

dxs ion  arrnin  roR  cucuhtcrotial  rum  STi/muos 

TOR  A  CORK  LOADRD  BT  RXTEUIAL  PUSSUKK 


OBJECT 

To  derive  baelo  ring  load  aolutlona  acting  oa  a  conical  ahell  and 
to  ^ply  theoe  raaulta  to  a  daa  c  ritarlcn  for  eircanf  erential  ring 
atiffenare  for  a  coat  leaded  by  external  preeaor*. 


ABBTRACT 

1.  Circumferential  Haa  loading  (i.a.,  "ring"  loading  ) colatlona 
for  normal  aid  shear  force  dlatrlbvtlona  acting  aoctamall,  on  a  oona 
arc  carrier1.  oat  in  detail  in  the  Appendix.  By  coper  position,  the 
corresponding  eolation  for  a  "ring"  load  of  horlaontal  force  was  obtained. 

2.  By  —Irtin  eul table  asmaptloos,  tue  reaolte  In  paragraph  1  were 
applied  to  the  formulation  of  a  design  criterion  for  ciremferentlal  ring 
atlffenara  on  a  oooe  loaded  by  external  preaaore .  Thla  procedure  la 
developed  in  Section  11  of  the  repert. 

3.  A  aeamry  of  the  pwrtlnent  design  information  including  the 
reaction  force  on  a  ring  stiffener,  apart  ng  of  the  ring"*  and  atreeeea 
In  the  oom  under  a  ring  la  presented  in  Section  IXZ . 

Mathematician 


APPROVE)  t 


i.  anpopcTiDj 


Although  considerable  attention  'c*  tea  devoted  la  the  11  beret 
to  the  etisij  of  eyllmkical.  a  hells,  t’  o  ■atrtit  aero  difficult,  prob 
of  a  conical  shall  has  rsealwl  far  la  <.  stt  entice .  Xa  particular, 
Information  aacaaaa ry  fee  tha  design  of  o  iremf erentlal  ring  atlffaa 
for  aonloal  aha  11a  doas  not  appear  readily  available . 


This  report  contains  a  darlratlcc  of  tha  stress  snnlysii  corre^soed- 
ing  to  tha  tao  saaaa  of  ring  load#,  external  praaaara  and  external  abaar. 

A  design  criterion  tor  clroenfarantial  ringa  with  rectangular  (1-)-  sraaa  isactioo 
la  a  am  ad  owt  ahio^  utlllsaa  tha  results  of  tbs  basic  s  trass  — n*T~4* 


It  la  believed  that  tha  design  criterion  provided  In  this  report 
repra seats  a  conalderahle  1  gwTjvawsnt  over  that  oarraetly  being  eead. 
However,  tbs  eolation  met  be  r  nsalili  sii  as  only  an  approalsetioa  to  tbs 
ring  stiffeners  oontss^Osted  das  to  tbs  praaaet  slip  Ilf  lcatloo  of  ths 
cross  ssatloaal  geo  as  try  of  tbs  aUffsnsrs.  Should  a  acre  precise  analysis 
of  a  ring  stiff eaar  with  a  nors  ooipllcated  arose- saetlooal  heuaniij  be 
desired,  asach  of  tbs  Inf  eras tioo  already  obtained  in  this  report  ean  ba 
•tlllesd. 

Development  of  s  dad  pi  srltarioe  for  eircmfsventlal  ring  atlffsners 
for  oonas  la  carried  oat  In  tha  first  part  of  this  report.  Tha  detailed 
stress  analysis  fe  the  rtag  loading  of  a  com  Is  carried  oat  In  the 


prlmxy  effects  are  nemldnsed,  1  -a. ,  «a  average  b*^  stress  la  ths 
ring*  tbs  criterion  la  gglMUs  te  ssem-smUens  site  spy g sunstry . 


nous*  l 

Tha  oona  la  actad  upon  \jy  axtarnal  praaawa  Pg,  and  tha  nat  vwrtleal  forea 
la  oonaldarad  to  ba  balanaad  by  tha  foroa  t  appliad  to  tba  uppar  and,  aa 
ahcnra  In  Plgura  1.  Clraunfarantlal  rise  rtlffaoara  with  oroaa-aaotdona 
illuatratad  by  tha  ahadad  bands  ara  to  ba  apaead  along  tha  alant  laogthl‘J 
of  tha  oona. 

Although  tha  lowar  **otion  of  tha  cona  oan  ba  ctoaad,  «a  do  aaaian 
that  tha  rlnga  ara  apaoad  at  aufflelaat  dlataneaa  fTca  tba  Tartan  ad 
tha  baaa  aipport  of  tha  eona,  and  trm  aaeh  other  so  that  and  affaots 
or  Interaction  affaots  ara  nagHglhla. 


B.  ladial  Dtflaetlon  of  •  Conical  Shall  irtar  fi  t  ai  ■■  1  ft«mr»,  F,- 


A  alaplified  criterion  for  the  design  of  reinforcing  clrcmf  erentlai 
ring*  for  a  oom  under  external  pressure  is  the  exemption  that  the  reactive 
f  orce  i  between  the  ring  end  the  cone  correspond  to  e  unifor*  redial  tenet  on, 
rr.  Such  en  aseuaption  neglecte,  of  course ,  the  effect  of  reaction  forces 
which  ciue  bending  of  the  ring.  In  feet,  euch  en  a« eui^tloa  pemite  only 
enough  flexibility  to  ensure  ocepetlhle  redial  dlsplac eeiemte . 


Subject  to  the  llnitationi  of  neb  e  airlifted  eee«g>tlcn  of  the 
reaction  forces,  we  now  proceed  to  forwlate  a  design  criterion  on  this 
basis.  Let  be  the  decrease  of  the  rediws  r  “  a  due  to  the  external 
pressure,  ?j,  acting  on  the  non- reinforced  cone.  Then,  from  (2), 

6  .  •  «  p7~  P  -  ir/t)  . 


(Mote  that  in  the  Uniting  cane  of  a  cylinder,  pj  ■  0,  n  consider  the 
preeeure  acting  on  the  ends  as  well  aa  the  external  cwved  surface.) 

Now,  let  the  aagiutude  of  the  redial  reactive  force  per  vmit  length 
of  the  circ wference  of  the  cone  at  r  »  a  be  denoted  by  Fr  - 

The  reactive  force  acting  on  the  ring  (asswiing  the  croes- sectional 
disiei  clone  of  tNi  ring  are  email  in  cog>erleoG  with  th*  radius,  a,  prcxhiaet 
average  cc*g>reaeite  Torce  of  Fr*  Thus,  the  corresponding  decrease  of  the 
inner  radius  of  the  ring  is  spproxlsitely: 


where  A  la  the  cross- eectional  eras  of  the  ring. 

Finally,  the  reactive  force  acting  on  the  cons  causes  an  extension 
of  the  radius  by  an  mount  &  ^ .  In  particular,  free  Equation  (A-97) , 

5a .  f ‘\Jnnn .  ]  un . . 

l  ^  6UA  J 1  ♦  Pi2  J  V>7l  *  Pi2 


.  .  .  .  (5) 


5 


•  (6) 


Ter  ca^atlbUity  of  dlaplaraaa  nta, 
6^  -  "  ^3  * 


jum  a\  -  v/3(l-«*)  ,  It  la  arldaat  that  1/«X  U  nagll^lbla 

ecaparad  with  i\  and  tba  aaooad  tan  of  tha  brack#  tad  wpraaaloc  la 


la  nagllflhxe  for  tha  raoga  of  com  anglaa  In  « 
Thwafora, 


r,*  rr  i  r*h  •  pi2(i-u-/!> 

nr  — «/'"  - • 

For  tha  oasa  of  tha  a *•  jaatarlal  for  tha  com  and  atltfaaw, 

*fl  •  «»  -  *  ,  the, 


(7) 


T  f  A _ a  $]-  F,  y  1  ♦  Pi2  (1  -wA) 

7x*n*  J  E 


(8) 


{It  la  lataraatlog  to  nota  that  thla  forala  eoiacldaa  with  tha  aolutioo 
for  a  aylizaUr,  h  ■  t,  aa  fond  la  Tlaoabads,  Thaory  of  Plata#  ad 
Shall**  ,  pp.  U05-Co6.) 


D.  Spacing  of  Stiff  an 


to  droid  Iataractloo  Cooaldwratlona . 


la  ordar  *0  aatlaata  tha  affaat  of  tha  pnalaMg  of  adjanat  vtlffooara 
la  laflaanclag  il*  rtaalpi  arltarioa  (7) ,  «a  oooaidar  tha  rapidity  la  ihleh 
tha  radial  palat  load  dial  oat  alt''  dUtaaaa  tmmj  fna  tha  palat  of  appllca- 
tloa.  For  tha  rango  of  ooaaa  atleh  «o  ara  lntaraatad  la.  It  oaa  ha  Aon, 
aftar  momm  al|rtra  and  ordar  of  aa^ltada  cooaldaratln-,  that 


~  y?  •■*(•«  !>•«••) , 


ahara  0  ia  daflaad  la  tha 


-  fr 


By  examining  the  r.morical  values  of  this  ratio,  we  can  draw  tha 
following  conclusions t 

1  conservative  estimate  of  the  spacing  of  circumferential  ring  stiffen  era 
such  that  tha  design  criterion  (7)  can  be  spiled  independent  fro*  appreciable 
Interaction  affects  can  be  simply  stated.  Consider  a  stiffener  with  radius 
"a"  and  let  "d"  be  the  slant  distance  between  the  given  stiffener  and  ite 
adjacent  neighbor.  If  Interaction  of  5  percent  of  the  redial  dlaplacaewnt 
le  tularated,  then: 


Case  1,  if  the  stiffener  has  only 

have 


d  > 


2 

\  yYln  0  o 


adjoining  neighbor ,  wa  should 


Csae  2,  If  tha  stlffenar  has  adjoining  neighbors  on  both  sldssi  l.e., 
it  is  a  central  atiffanar  of  three  equally  spaced  «tiffeneri, 


x/  ala  <fi 


in.  su>jary  or  i  desion  auTsaicu  for  cracuHratRHTUL  rim 

ST  IFF  5X230.  A  CONS  LOADED  EOT  ETERNAL  PRSSSURX 

Subject  to  the  approx  lea  tics*  discussed  in  the  precrdlag  actions, 
the  oorreeponding  design  c  r  iter  ion  for  cirotWereatiel  rung  stiffeners 
on  a  cons  loaded  by  external  pre-sure  can  be  suanarlsed  as  follows! 

A.  Reactive  For  os  on  the  Ring. 

The  reactive  lead  acting  between  tha  ring  stiffen ei 
determined  in  terse  of  tha  applied  pressure  term. 


aid  tha  oons  Is 


*  *}  •  * 


7 


V 

H 

V 

i 

f». 

\ 


■  Rsactlea  fores  par  eslt  1  sngth  of  olremfaranca  (acting  horisontally) . 

-  Brtarnal  prassura  acting  on  tba  oons 

■  Thlcknsss  of  ths  conical  (ball . 

■  Poisson' s  ratio  for  tba  coa. 

■  Toung'a  Modula*  fs  tba  coos. 

■  fount's  Modulus  for  tba  ring. 

-  Cross- sactiooal  araa  of  tba  ring. 

*  Cooa  angls  (Plgirs  2) 

whsra  a  la  tba  radios  of  tbs  cooa  at  tba  location 
of  tba  ring  stlffaoar. 


B.  Spacing  of  tba  King  Ctif  fanara . 

in  srrer  of  laaa  ♦ban  5  psrosnt  is  narta  la  aaiag  (Ji)  fo»  Maltlpl* 
atiffanara,  prorldad  tha  a ti f f soars  ara  laeai'd  *<J"  diatsnea  apart  idwi-s  d 
is  naasorad  along  tba  slant  laogtb.  Tba  Talus  af  d  is  glean  by 


Casa  1, 

If  tha  stiff* 

Casa  2, 


d>  s 
~  0O 

baa  only  ana  adjoining  naigbber 


03) 


if  tbs  atl/faoar  has  adjoining  nslgbbars  oa  both  si  das;  l.t.,  it  la  s 
c antral  stlffansr  of  tbrsa  aqually  apacad  atiffanara. 


e 


The  stresses  in  th  cone  uuder  tV.a  ring  stiffener  art  obtained  by 
superposition  of  the  offecii  cue  to  the  external  nroscure,  Pg,  and  the 
reaction  fores,  Pr.  This  information  la  containod  In  the  Appendix, 
Equation*  (A- 90)  through  (A-109) .  Conciuoran"  .ho  range  of  parameter* 
which  i  e  of  practical  interest,  one  can  simplify  these  oxpisasione  f^om 
the  order  of  magnitude  argument#.  The  following  approximate  foraulae 
for  the  stress**  in  tha  cona  undar  a  stiffener  are  qbtalned: 

1 .  Bending  moment  resultant,  H  £  , 


2 .  Shear  atrase  raeultnet,  Q  . 
<?SI  V5  Tr  .U  *fo. 

3.  Streaa  resultant,  N  ^  . 

*  •  V5 

U.  Straa*  resultant,  ll9  .  _ 

H  .  r  0O  sin  t 


5 •  terldional  bending  stress,  (T^  g 


Definitions  of  tha  a  train  resultants,  ate.  are  given  in  th*  first  aectioi 
of  th*  Appendix. 


Th*  derivations  and  presentation  of  foraulae  have  been  reviewed 
by  Ralph  J .  Julian,  —bar  of  the  Mathematic  a  Section,  Watertown  Areenai 
Laboratc  la  a,  Watertown  Arsenal . 


-ppendljs 


Ma  now  iumtIm  the  analysis  leading  to  the  solution  for  ring  loading 
of  a  right  circular  con*.  Such  information  la  intended  to  provide  the 
designer  the  anderljrlrw  assumptions  and  approximations  used  in  obtaining  the 
solution  and  a  review  of  the  ncmanelature  used. 

1.  Basic  Equations  of  a  linearised  Thin -Shell  Theory  for  Axially  -yestrlc 

Deformation. 

In  this  section,  we  shall  euiemriae  the  hesle  equations  of  a  linearised 
thiD-ehell  theory  as  foneilatod  by  E.  Reismter  £l]  Du*  to  the  spmtr; 

of  the  geometry  and  the  applied  load  the  basic  equations  will  be  directly 
modified  to  the  case  of  UliUy  sj— trie  deformation. 

1.  Definition  of  Strata  Resultants  end  Couples. 

It  is  oonvenien.  to  introduce  curvilinear  eoerdlnatas  for  the  dearerlptlon 
of  the  middle  surfaoe  of  the  shell.  A  point  P  on  the  shell  of  revolution 
can  be  described  by  two  parameters  %  end  •  as  shown  in  figure  A-l.  A  point 
P*  lying  in  the  shell  but  not  on  the  middle  eurfeoe  oan  be  described  relative 
to  the  adddle  surfaoe  by  e  third  paraswter  X  measured  along  the  nnimal  to  the 
middle  surfaoe  passing  through  P1.  Onder  obvious  physical  restrictions  of 
the  shell,  the  parameters  X  oonstltute  am  orthogonal  curvilinear  ooordi- 
nate  system  which  describes  uniquely  ever*  point  in  the  shell. 


A.M.  1 877  G 


FIGURE  A-l 


Mom  consider  •  corrilln««r  .nwnt  of  tha  ahall  ahown  In  Flyura  A-Z. 
Tba  thicknaaa  of  tha  ahall.  b,  will  ba  uruMd  Much  ml)ir  than  tha  princi¬ 
pal  radii  of  enrvatura  of  tba  eorvillnaar  ala— nt  of  tba  alddla  aurfaoa; 
banca,  tha  variation  of  the  lan*tha  of  tha  aldaa  of  tha  ala— nt  In  tha  thick- 
naaa  diractlon  will  ba  natlaetad.  Tba  ooaffldant  •*  la  found  fren  tha 


ralatlon 


o?  -  (,»)2  +  (*»)*, 


U-l). 


Mhara  prlaaa  danota  dlffarantlatlon  with  raapaot  to 

for  aria'll j  ay-atrla  daforaatlon  tha  onlf  nontrivial  atraaa  ocayonanti 
•ra  n,  0>,<TY,^(V  .  Tha  raaultant  atraaaaa  and  oouplaa  bua  to  thaaa 
atraaaaa  whan  h  1*  iahTq  oo— arad  with  tha  principal  radii  of  eurvatw*-a  am 
daflnad  aa  follow*: 


V  fh/vtdr 

J- h/2  f 

N.- 

/>,« 

V  />,« 


U-Z) 


It  la  cornranlant  to  lntroduoa  tha  addiUonal  notation  daflnad  In 
ri(ura  *-3-  Tfia  axtarnal  atraaa  vaotor  oonaldarad  aa  acting  on  tha  ■i'wn- 
aurfaca  (dua  to  tha  thlnnaaa  of  tha  anall)  will  ba  oonaldarad  aa  raaolvad 
Into  a  vartioal  cOBonant,  and  a  horlaonUl  consonant.  Tv.  furthanaora. 
norlaontal  and  vartloal  atraaa  vaotora  8  and  7,  raapaetivaly,  will  ba 
Introduoad  wharabj 


-  H  ooa{2  vVtinjzJ 
Q  ■  -H  aln0  ♦  Veoa  if> 


A-Z 


U-3). 


FIGURE  A- 3 


FIGURE  A- 4 


AM.  1879  G 


2.  Strain  Coa^»nant* 


To  daserlba  tha  ooaponanta  of  «tr«in  it  i*  convaniant  to  rafar  to  Fifura 
A— 4  Subaeripta  *o*  ara  a* ad  to  daacriba  tba  alaaant  in  ltn  ondaforaad  posi¬ 

tion.  Furtharnora,  in  addition  to  tba  aaallnaaa  of  h,  a  aacond  baaic 
assumption  ia  aada  -  naaaly.  a  noraal  alaawnt  to  tha  undafonaod  widdla 
■urfaoa  ia  carriad  ovar  (without  ohan«a  ia  lanfth)  into  a  noraal  to  tba 
daforaad  alddla  aurfaoa. 

Tba  diaplaoaaanta  in  tha  radial  and  axial  diraetlona  ara  da  no  tad  by  a  and 
a,  raspactiaaljr.  Thus 

r  »  r,  v  u  (AJ*) 


Tba  two  principal  strains,  6^  and  6  ©  ,  can  ba  dafioad  In  tha  usual 
■annar  of  thin  abail  tbaory  in  which  at  nost  a  linaar  variation  of  tha  atrain 
aoroaa  tha  thiotaaa#  ia  aaauna  J.  Thua 


em  -  e»v*  +  ?  Kb  (a-s) 


3.  Linaarlaad  Thaory  -  Baaic  Bala  ticca 

TU»  Unaariaad  thaory  which  will  now  bo  conaldarad  oricinataa  by  sotting 


<t>  '  «!„  -  fl  (A-6) 

and  llnaariaing  with  i  aapaot  to  #.  furtharwora,  in  tha  aqailibrlon  aquations 
no  diatlnotlon  ia  mda  batwaan  tha  dafornad  and  tba  andafoinad  alaaant.  Tha 
baaic  ralatloaa  which  ara  uaad  In  tha  linaarissd  thaory  ara  aa  followa  i 

BmAmtImI  Mtl  TirtlMl  liny  1—dJami 

*1  ■  B  ♦  V  ain  <A-7> 

Q  “-H  ain  (6-  ♦  V ooa  0O 


A-5 


t  * 


<r Vf  ♦  r«P, 


(r  ■/  -  «  ^  ♦  ro<PH  -  0  (A_a) 

(r  -»c(oo»  0O)  ♦  ro<{H  aln(J^-  T  oo«  0. )^5 


(l 


U-9) 


k,  -  p'A. 
k9  -(ieco*<h)/,' 
w'  -  £o  -fo/S 


(A-10) 

(All) 


'•*1^  -  <'iW/  ■  - 

b.  Induction  U>  Two  Sianltanaoua  Iquakioaa 

Tha  baalo  relation*  iMrtMd  la  kb*  prvrioua  taction  oan  ba  coablnad 
Into  two  »*j*ilk*naotu  aiffarantial  aquation*.  Tor  tb#  caa*  of  oonatant  shall 
thloknass,  h.  khla  ijitw  oan  ba  wrtkkao  m, 


uthar* 


o.r>± 

t 


i»,  (i  - 

js^rJfcL. 

EK*“ 


4-7 


XI.  Ganarai  Solution  of  tha  IAnaariaad  Thaory  for  a  Con*. 


1.  Currlllnaar  Coordinataa  for  tha  Cona . 

Tha  particular  currlllnaar  coordlnata  ayatam  for  tha  oaaa  of  a  octlloal 
a  ha  11  la  indlcatad  in  Flyura  A-5  • 
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2.  G crural  aolutlon  of  ttw  baaic  llnaarltad  aquation*. 

In  ordar  to  aolv*  tba  baalo  llnaarlaad  aquation*  It  1*  naoaaaary  to  find 
a  solution  to  t^«  ayata*  of  aquation*,  (h-14).  Ttai*  1*  dona  by  eoablning  a 
particular  solution  of  tba  nontoono gana o aa  ay*  tan  with  tha  fanm-al  aolutloo  of 
tha  bonoganaou*  ayatan. 

Tba  "naafcruna"  aolutlon  1*  ta<  .n  ai  tha  particular  aolntlon  of  tba  non- 
bonoganaous  syatan.  In  particular,  daootlng  by  tha  aubaerirt  W  ,tha  quan ti¬ 
ll  aa  oorraapondlnc  to  tha  we^rana  approximation  ara 
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Tha  aolatlon  of  tha  hcnogaBaou*  ays  tan  of  aqua  t  Iona  eorraapondlng  to 
(1-14)  oan  ba  obtainad  by  tha  wall— known  prooaaa  of  aay^rtotic  intagration. 
Sack  a  aolatlon,  valid  provldad  tba  oona  la  not  too  ■hallow,  oan  ba  wrfttan 
aa  follow* i 
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Tha  coruiUnt*  in  (A-20>  Boat  b*  datarainad  froa  th#  and 
condition*  of  tha  particular  problM  con*  Ida  rad. 
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IH.  Solution  for  *ln*  Load  of  Mental  Pressure. 

For  *rlo*“  loading  of  asternal  Dor»al  preaaure  wo  chooao  our  coordinate 
doaorlptlon  aa  la  indicated  In  Figure  A-6. 
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The  Tertloal  and  borimoatai  ooayonanto  Is  tba  oopy option  da  flood  In 
Flfuro  L-3  aro  thorof oro 
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Jtnoo  tho  applied  load  la  not  eelf -equilibrating.  It  la  noeoaaarjr  to  pco- 
▼Ida  an  additional  aapport  at  tho  onda.  Sinoe  aa  aro  only  concerned  with  tho 
local  of  foot  a  of  tho  ring  load,  without  loan  of  aaovao/  wo  a  hall  aaauao  that 
tho  aphal anood  applied  load  la  halaoood  b j  a  ▼ortlcal  load  acting  at  f  •  ad, 
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fro*  tta*  firat  of  th*  •qulllbrlu*  aquation* ,  (A— C) .  wa  find 
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Slnoa  tha  aolution  mat  ba  boundad  at  top  and  bottoa  of  th*  con*  It  oan 
ba  aaan  fro«  (wo)  that  (aubaoript  "a"  for  nomal  "point  load") 
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Tha  four  oonatanta  Aon,  A*n,  Bop  and  aut  ba  datandaad  froa  condi¬ 
tion*  at  |  ■  0.  fron  obrloua  pojaloal  oonaldarationa  w*  raquira  oonlinaltjr  of 
yfl  and  yO1  at  f  ■  0.  Thaaa  condition*  la*>oa«  tha  raatriatlooa,  raapaotlTal/, 
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Tha  two  raaalnlnt  condition*  wuat  b*  obtainad  by  fore*  oonaidara  tlona  at  f  *  O. 


Sine*  on  phyaloal  (round*  it  la  orldont  that  Mi  *ut  bo  continuous  »tj*  0. 
It  follow*  fro*  (JU0  )  and  (a-12.)  that  tha  quantity  N$  mat  alao  ba 

contlnuou*  it(  •  0.  Continuity  of  K *  lj^llas  continuity  of  (rNf)  which  In  turn 
fit**  (a-7)  laplla*  oontlouity  of  (rH)  e°a^ +<rf)Sm^.  Thoroforo, 

r  \  (*-29) 
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Fro  a  (A-1A).  U-l6),  and  (A- 24).  it  follow*  that 
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From  (*-25)  and  (A-26), 
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Th*  raw 1irtn«  condition  la  f oad  fn»  an  azaalaatloo  of  tha  last  two 
aqnilibrlai  oondltiona  In  (A-8).  Again  from  oontlnalty  It  fallows  that 
(**)'  and  (rM*/  ♦  r*t(H  *lnjt-  T  (oo*4l)  nut  bo  ooatlnuona  at  /  ■  0. 
Thu*,  alnoa  th*  ooctlncity  of  (rH)  Ijg&laa  th#  oontlnalty  of  U/',  wo  hero 
tbo  condition 
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Applying  thl»  condition  to  (A-25)  and  (*-26)  and  ut  111*1  g  (*-28).  yield* 

p,»  Aon.  (A-*1*) 

Th*  continuity  of  (rH»)‘  ♦  roc(H  »ln^-  7  co*f^)  con  b#  ahown  to 
follow  fro*  th#  preceding  Condition*. 

Tha  total  aurfao#  ar#a  over  which  tba  appllad  load  la  acting  la 
Thu*.  If  we  daflna  tn  •*  foro*  par  lineal  inch  ol -tAa  olrt-Wai^ertnce  of 
the  oona  M.  J  o, 
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By  definition  of  tha  ring  load  concept,  wa  therefore  writ* 
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Ms  therefore  haw#  th*  four  conditional 
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(da  not*  that  for  tha  cylindrical  eaaa,  p,«  0|  hano*  *on«  0  and  th*  wall- 
known  cylindrical  raault  ia  obtained.) 


Th*  ayatan  (*-37)  laada  to  tha  following  waluaa  of  tha  ooaff Iolanta  > 
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Tba  aolutloo  la  now  ooaplato  in  that  all  Information  can  ba  obtained  fro* 
tha  function*  A  and  tlf  wfelafc  ara  now  ao^ilat*!/  doflnod  by  Iqoatlona  (*-25), 

(*-26),  and  (*-38). 
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IV.  Soluiloa  for  EUa*  Load  at  Shear. 

Tor  *rl«4*  loadia*  of  erteraal  shear  «•  choose  our  eoordlaate  deeorlptioa 
as  indicated  la  Flfura  JL-7. 


I  laws  A-7 

Tha  Tertioel  «d  horlsoatal  oo^xjiati  of  Via  spiled  lead  are  there¬ 
fore 
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igalft  »•  trill  utUM  the  uabalaocad  aortic  aJ  ecagxmaat  of  the  applied 
load  i»  balanced  by  a  Tart  leal  lead  aotlaf  at  ^  .  Iroa  the  firat  of  the 
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iapoal**  again  tha  ooMditieae  of  continuity  of  A  aad  A  at  J  >0,  ylalda 
the  too  relation* , 
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OoMtineity  of  to*  itrati  ranltat  Q  for  Ula  tail  of  lending  la  adtat  fna 
phyaioal  a  mm 1  daratic— .  Him.  iloea  <  rQ)  Mat  alao  bo  oontinueaa,  froa  (1-7) 
It  felleea  that  Cr«)ala^-  (rV)  aoof^aaMt  ala*  be  eeatiMone,  or 
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'Jtillzlnj  (A-hl),  this  condltios  cut  bs  wrlttoa  ss 
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Substitutive  (A~h0)  la  to  (a4j7)  yislds  ths  ceadltloa 


Ths  final  ooadltloa  ou  bo  j  trial  sod  by  coasldorin*  tbs  ro— lalat  two 
oqulllbrlia  aquations  la  (1-6).  Coaslstsat  with  ths  procodl  ig  ass\*q>tioa* , 
wo  aust  *  as  urs  ths  oosrilaulty  of  (rMj)1  sad  (ifl)1  -  *tH#  •  It  eoa  bo  shova 
that  (rHi)’  Is  ooatiauoas  presided  tfio  previous  coadltloas  aro  oaforeod.  Tbs 
final  ooadltloa  eoa  bo  stated  as 
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3 lacs  Is  ooatlauous,  It  follows  frost  (A-12)  that 
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EquationJ  (A-UL) ,  (A— US) ,  (k-L9) ,  wad  (A-52)  data  naira  that 


Va  afala  introduce  tha  ahaar  forca  par  llaaar  inch  of  cixvujafaranca  at  £  -  G. 


Fs  =  Za sj  I  -i-  pr  <3 


U-SM 


'  *1.  ‘  *u 


(A-S5) 


a-w 


V.  Behavior  of  tha  Comical  Shall  at  the  Rlne  Load  Location. 


In  thla  a  action  w«  shall  calculate  the  quantities  particularly  useful  for 
deslcn  Information. 

A.  Conical  Shell  with  King  Load  of  Asternal  Normal  Preasure . 

The  general  eolation  of  thla  cue  was  carried  out  in  Section  HZ. 
Before  carrying  out  apeclflc  calculations,  some  si^llfloation  Is  provided 
by  Introducing  ths  well-known  quantity, h, ,  where 
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Then  the  coaff Iolanta  in  (A-3fl)  can  bs  written  a 
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Furthermore, 
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g  (o) - 8l\  y  i  +■  p,1- 

lo  Iraluation  of  bending  moment  M  >  (O), 

+  (A'58) 

When  the  cone  le  the  limiting  case  of  a  cylinder  then  p.«  o  and  Mv  (o)  haa 
the  well-known  value  F^_  /lf\  ■  f 


2.  Iraluation  of  the  shear  resultants,  Q  (0). 
r3  ■  -(rfl)  sln^e  (rV)  cosflj. 
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3-  Evaluation  of  tha  atrasa  raault, 
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Evaluation  of  tha  radial  displays— it  .  $\ 
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Thus, 


6.  Hoop  straws.  0^  .  at  |a  O 
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B.  Conical  Shall  with  Uiut  Load 'of  ktarnal  Shaar. 

Iha  c«naral  solution  of  this  c aaa  waa  oarrlad  oat  in  3 action  IV. 
Introducing^  In  (A-55)» 
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1.  Evaluation  of  K*  (0). 
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2.  Iraluatlon  of  tha  ahoar  roaultanta,  Q{0). 

For  this  loading  tha  shaar  raoultant  Q  la  continuous  »tj*  C 
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3.  evaluation  of  the  strens  resultant 
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U.  Evaluation  of  the  street  resultant,  Iq  . 
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5-  Evaluation  of  the  radial  diaplsc  — rrt 
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6.  evaluation  of  the  vertical  diaplac— nt,  WymQ  . 

w(oyw<«)=  (A-V, 

7.  ilirl  — i  Mrldional  bending  atraee. 
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8.  Hoop  atraee ,  W*  f*° 


VI.  Aeyiqitotlc  Approximation  of  tha  Integrals  Involved  In  the  Evaluation  of  vKO). 

It  vii  #i<nm  In  tha  previous  *  action  that  in  both  ring  loading  omn,  the 
vertical  displacement  W  at|«0  lnvolvaa  evaluation  of  tha  Integral 


In  turn  thla  lnvolvaa  tha  evaluation  of  the  two  integrals  I,  and  Ig  wfaare 


Although  thane  integral*  cannot  ba  evaluated  in  oloaed  for  It  will  now  ba 
shown  that  a  very  aocurato  approximation  can  ba  found  for  I  and  Ig  by  consider¬ 
ing  tha  aeynptotio  value  of  an  equivalent  integral* 
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Substitution  of  theae  relation*  in  (A-62)  and  letting  0  ♦  If  -  t,  yielde  the 
equivalent  form 
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-incetfi*  very  large,  2ft  jfi  flnd'an  aey^itotie  approximation  for  (A-6lt). 
successive  lntegretlon  bjr  parte,  yields 
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VII.  Sup«rpo*ition  of  tha  Procadtng  C uu  to  Obtain  a  Puraly  Radial  Ring  load 


Tha  raaulta  for  a  ring  load  of  asternal  praasur  acting  in  a  pur« 
radial  dlraction  can  now  b«  obtalnad  by  auperpoaition.  In  fact,  tha  Cl 
a  ring  load  of  radial  preaaura  Pr  corraspondn  to  adding  algebraically  t 
raaulta  for 
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Finally, 
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VIII.  Cona  nndar  artamal  praaaura,  P|. 

For  a  oona  undar  axlarnal  praaaura  Pj,  tha  wall-known  Mabruia  solution 
tppUaa.  la  particular  ^ 
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